Abstract. A 20-m section of stream riffle was covered with black plastic to decrease light intensities and reduce algal standing crops. After four weeks, chlorophyll a concentrations were near zero and Baetis tricaudatus nymphs were far fewer in the experimental riffle than in control riffles above and below the shaded area. Also, Baetis adults, reared from pre-emergent nymphs collected in the experimental riffle, were significantly smaller than reared adults from the control riffles. After three months, we removed one half of the black plastic from the experimental riffle. The algae and B. tricaudatus nymphs recolonized the open section of the experimental riffle within 11 days. These results suggest that algae are an extremely important resource for B. tricaudatus, a collector-gatherer.
The importance of algae, particularly diatoms, to aquatic insects has been demonstrated in a number of laboratory growth studies (Bird and Kaushik 1984, Fuller and Mackay 1981, Richardson 1984, Sweeney and Vannote 1984).
This evidence was obtained by measuring the growth of test insects whose diets were restricted to a single food type. Bird and Kaushik (1984) showed that periphyton produced a higher growth rate for Ephemerella subvaria than diets of decaying leaves or macroinvertebrate fecal material. Field studies have also shown that algae were responsible for increasing secondary production of different stream insects (Benke and Wallace 1980, Huryn and Wallace 1985).
Because algae appear to be an important food resource, the local distribution and abundance of at least some macroinvertebrates should be influenced by algal densities. Higher densities of filter feeders below lake outflows appear to be supported by the higher algal component in seston flowing from the lake (e.g., Wallace and Merritt 1980). Studies of scrapers have also shown a positive correlation between algal densities or algal primary production and macroinvertebrate abundance (Hart 1981, Lamberti and Resh 1983). Little research has dealt with the importance of algae to collector-gathrers. Shepard and Minshall (1984) showed in a laboratory study that gathering mayflies do not discriminate between algae and various forms of detritus (including insect feces) over a sixhour test period. Similarly, Williams and Moore (1985) showed that different epilithic coatings (algae, cyanobacteria and sterile gravel) did not significantly affect the initial colonization (5-day experiments) of substrata by different macroinvertebrates including many collectorgatherers (with the possible exception of some Chironomidae). Although these studies of gatherers suggest that epilithic material may have little influence on macroinvertebrate distribution, the studies were designed to test for short-term effects only. Wallace and Gurtz (1986) showed that when the stream canopy was removed by logging, Baetis mayflies had higher densities and secondary production, as a result of a higher consumption of diatoms, than Baetis in a shaded stream.
A long-term, experimental manipulation of the habitat appears to be necessary to identify which resources are most important to stream macroinvertebrates. In this paper, we describe an experiment in which we reduced algal biomass in a riffle by covering a section of the stream with black plastic; the lower light intensities resulted in lower algal standing crops. We hypothesized that any macroinvertebrates 290 relying on algae as a major source of energy would emigrate from the shaded riffle or, if they remained, would have a smaller body size.
Study Site
The Tile scrapings and water samples were filtered onto separate Gelman glass fiber filters (0.2 tim pore size), ground in a tissue grinder, and the chlorophyll extracted for 24 hr in 90% acetone. After centrifuging, chlorophyll a was measured using a Bausch and Lomb Spectronic 2000 spectrophotometer; these values were corrected for phaeophytin (APHA 1980). Each Surber sample was dispersed in a basin and all the Simulium spp. and Baetis tricaudatus Dodds were removed and counted. These two taxa were the most abundant macroinvertebrates with which to test our hypothesis. A subsample (1/) of the remaining sample was used to measure densities of the other macroinvertebrates.
From 23 to 29 July, we collected Simulium pupae from each of the three riffles. Pupae were placed in separate petri dishes on moist paper towels and all adults were collected at least twice a day. The adults were dried at 50?C for 24 hr and weighed on a Cahn Model 29 Electrobalance (+1.0 ug). On these dates we also collected pre-emergent B. tricaudatus nymphs (those individuals with black wing pads) from each riffle. These nymphs were placed in separate, recirculating plexiglas chambers (Mackay 1981) and kept covered; all adults (mostly subimagos) from each chamber were collected at least twice daily. The B. tricaudatus adults were dried and weighed following the same procedure described for adult Simulium.
Ten B. tricaudatus nymphs were collected from each riffle on 7 August. Their foregut contents were spread on microscope slides and examined at 100 x magnification.
On 5 September, we removed one half (a 10-m length) of the black plastic from the experimental riffle to allow algae to colonize this area. On 16 and 25 September, we sampled the undisturbed and still shaded section of the experimental riffle (EM), the control riffles, and the opened section of the experimental riffle (OEM). Collections included water samples, clay tile scrapings and macroinvertebrate samples. Besides quantifying different macroinvertebrates from these collections, we also measured total body length of B. tricaudatus nymphs at 20 x magnification.
Chlorophyll a data were analyzed using a one-way analysis of variance for each sample date for water samples and rock scrapings. Simulium and B. tricaudatus densities on each sample date in the experimental riffle were compared with those in control riffles using a one-way ANOVA with log n+l transformation. Adult dry weights of Simulium were compared using a one-way ANOVA testing for differences between control and experimental riffles. Baetis tricaudatus adults were divided into two groups for testing: adults that emerged during the first three days after collection and 
Results
Chlorophyll a concentrations in water samples showed no significant differences between riffles on any sample date; the chlorophyll a concentrations were low (ca. 0.20 Ag/L) and did not change appreciably between sample dates. Chlorophyll a concentrations of tile scrapings did not differ significantly between the three riffles on 6 June (before we shaded the experimental riffle) and 18 June; but thereafter, the control riffles were significantly (p<0.01) higher in chlorophyll a than the experimental riffle (Table 1 ). The control riffles were similar in chlorophyll a concentrations on all sample dates (Table 1) .
Simulium and B. tricaudatus showed different responses to the manipulation. Simulium larvae were present from the beginning of the experiment and showed a slight tendency toward increased densities in the experimental riffle before emergence in late July (Table 2) . However, this increase was statistically significant only on 2 July. During the remaining experimental period, Simulium did not appear to be affected by the reduction of algae in the experimental riffle (Table 2 ). Other macroinvertebrates whose densities did not appear to be affected by the algal reduction included Asellus, Gammarus, Hyallela, Dugesia, and the Chironomidae. Baetis tricaudatus nymphs did not appear in our samples until mid-June and their abundance did not differ among riffles until early July (Table 3 ). The lower numbers of B. tricaudatus in the experimental riffle continued from July through August (Table 3) when we terminated this part of the experiment. Moreover, gut contents of B. tricaudatus from the control riffles on 7 August included significant amounts of diatoms (>20% by area). In contrast, nymphs from the experimental riffle rarely contained diatoms in their guts; when present, diatoms never composed more than 5% of the gut contents.
In late July, both Simulium and B. tricaudatus were entering their emergence periods. Comparisons of adult dry weights of Simulium showed no differences among control and experimental riffles (p>0.80) (Table 4) . However, B. tricaudatus adults from the control riffle were significantly larger than adults from the experimental riffle (p<0.05) ( Table 4) . Adult B. tricaudatus from the two control riffles did not differ significantly in size (p>0.10) ( Table 4) .
On 16 September, 11 days after we had removed half of the black plastic from the experimental riffle, chlorophyll a concentrations from the tile scrapings in the OEM were similar to chlorophyll a concentrations in the control rif-
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[Volume 5 fles (Table 5) ; chlorophyll a concentrations in the undisturbed shaded portion of the experimental riffle (EM) remained significantly lower than the other riffles. At this time, B. tricaudatus densities were significantly higher in the OEM than in the EM (Table 3 ) but body lengths of the nymphs were similar (Table 6 ). Baetis tricaudatus nymphs from the OEM and EM were significantly smaller (p<0.01) than those found in the control riffles. Nine days later, on 25 September, the nymphs in the OEM were similar in size and density to those in the control riffles, and chlorophyll a concentrations were similar among the OEM and the two control riffles (Table 5 ). In the EM, the chlorophyll a concentrations and B. tricaudatus densities were significantly lower than in the OEM and control riffles (p<0.05) ( Tables 3,  5) . Also, B. tricaudatus body lengths were significantly smaller in the EM than in the other sections (Table 6 ).
Discussion
Several possible responses by macroinvertebrates could have resulted from the algal reduction in the experimental riffle. A species could increase, decrease or remain at the same population density in the experimental riffle. Also, changes in secondary production or the size of individuals could have occurred.
Simulium population densities in the different riffles did not appear to be strongly influenced by changes in the epilithic material. Simulium larvae probably rely primarily on loosely deposited or suspended materials (Chance and Craig 1986). Therefore reductions in epilithic algae in the experimental riffle should not affect Simulium.
Other macroinvertebrates that showed no response to the manipulation included Asellus, Gammarus, Hyallela, Dugesia and the Chironomidae. At least three different subfamilies of chironomids were represented but the numbers of each were insufficient to allow us to draw conclusions regarding individual reliance on algae. Although the other four genera could feed on fine particulate organic matter (FPOM), no study has determined their nutritional need for algae versus detritus. Most studies have shown that the amphipods and isopods feed on decaying leaves (usually by Besides causing changes in density, decreases in algal biomass could also cause changes in production or differences in body size. We did not attempt to measure production but we did compare adult body sizes of Simulium and B. tricaudatus. Simulium did not differ in size between riffles. Therefore, locating in the experimental riffle did not cost Similium anything in adult body size (e.g., fecundity).
Adult body sizes of B. tricaudatus were significantly smaller in the experimental riffle further demonstrating the importance of algae to this stream insect. Moreover, during the second part of this study, we observed an increase in the size of nymphs within the OEM over a three-week period that was significantly greater than any increase seen in the EM. Either smaller B. tricaudatus in the OEM grew to a size comparable to nymphs in the control riffles or larger nymphs moved into the OEM and excluded the smaller nymphs. We did not test for intraspecific competition between different size classes of B. tricaudatus and therefore we can not conclude which of the possibilities was operating. 
In conclusion, we have demonstrated that B. tricaudatus distributions and body size are sensitive to algal standing crop. Other macroinvertebrates (e.g., Asellus, Gammarus, Hyallela, Dugesia and at least some of the Chironomidae) do not appear to depend on algae to the same extent as B. tricaudatus and therefore were not affected by the reduction of epilithic algae. As a filter feeder, Simulium may not have been influenced by changes in epilithic algae (assuming no change in the composition of the stream seston).
